aBsTracT Aim: Determine the influence of time of passive evaporation of the solvent in a universal adhesive on the hydraulic conductance and permeability of dentin in an ex vivo human model. Henceforth, 60 healthy non-occluding third molars, indicated for therapeutic extraction/removal, of informed and consented patients aged between 18 and 30 years, were used here in. First, extracted teeth were incorporated into epoxy resin blocks and then dentin disks (1mm +/-0.1 mm thick) were prepared. Dentin was acid etched with 35% orthophosphoric acid for 15 seconds in order to remove the smear layer and obtain permeable dentin. Samples were then randomized and divided into 5 groups (n=12). A Single Bond Universal adhesive layer with different time of passive evaporation of the solvent was then applied: GC=10 seconds, G1=30 seconds, G2=60 seconds, G3=300 seconds and G4=50 minutes. Finally, the flow rate was measured using a diffusion chamber, a model previously proposed by Pashley et al. Results: The obtained hydraulic conductance averages were as follows: GC=0.00052, G1=0.00018, G2=0.00006, G3=0.00005, G4=0.00005 expressed in uL•cm-2•min-1cm•H2O-1. For comparisons between groups, ANOVA and post hoc Tukey (ρ<0.05) tests were applied, resulting in a statistically significant difference between the GC group and all experimental groups (ρ <0.05). An influence of solvent passive evaporation thereby reducing hydraulic conductance in the experimental groups, was detected.
InTroducTIon
Exposure of dentinal tubules during cavity preparation procedures is inevitable. Thus, increases in dentin permeability allowing the passage of fluid, ions, molecules, particles and/or bacteria, in and through dentin under different conditions, occurs. This phenomenon is affected or influenced by several factors: multi-factorial. Dental adhesives, is one example. 1 Indeed, it has been found that the use of adhesive materials in dentin leads to a significant reduction in permeability as an occlusion of the dentinal tubules takes place. 2 Typically, within the composition of the resinous adhesive systems, monomers are dissolved in solvents such as acetone, ethanol, or water and/or a combination of those, which thereby improves the diffusion of the monomer into the demineralized dentinal matrix. To achieve the formation of a good quality hybrid layer, an 'optimal' infiltration of the monomer between the collagen fibrils should be pursued and obtained; thereby removing as much water and solvent from the surface before polymerization. 3, 4 Indeed, it has been reported that insufficient evaporation of the solvent can generate the formation of micro cracks in the adhesive interface, a loss of mechanical strength, higher water absorption and a lower degree of polymer conversion. 5, 6 Therefore, the evaporation of the solvent facilitates the polymerization reaction. This is mainly due to the (a) reduction in the distance between the monomers and (b) increases in the degree of conversion. [7] [8] [9] [10] Therefore, increasing the drying time may consequently increase or enhance the evaporation of the adhesive solvent. 11, 12 While passive evaporation seems to generate (1) a better quality polymer and (2) a better quality seal, theoretically; reducing hydraulic conductance, no studies, to the best of our knowledge, attempt to link this hydraulic conductance phenomenon with the factor of time of passive solvent evaporation of a universal adhesive. This might provide valuable insights for use, application and translation into our clinical practice.
Therefore, the objective of this study is to evaluate the effect of passive solvent evaporation on the hydraulic conductance of the Universal Single Bond adhesive system, in an ex vivo model. The null hypothesis formulated for this study is as follows: passive solvent evaporation of the adhesive does not affect the hydraulic conductance of dentin.
MaTerIal and MeThods

Study design
This study included a total N of 60 human third molars extracted from patients aged between 18 and 30 years, who met the following inclusion criteria:
Healthy non-occluding teeth, indicated for extraction. All patients previously read and signed a written informed consent form, approved by the Ethics Committee of the Faculty of Dentistry, University of Chile (PRI-ODO / 12-002).
Extracted teeth were disinfected for 24 hours in a solution of 0.1% Thymol, then the soft tissues were manually removed using Gracey Curettes 13, 14 (American Eagle, USA) and were preserved in 0.9% saline solution at room temperature.
Etching of the enamel surface for 30 seconds using 35% phosphoric acid (Etchant Gel S 35% Coltene-Whaledent, Switzerland) was performed. Washing with water and drying followed. A layer of cyanoacrylate (Super Ceys Brush applied -Ceys) was then applied prior to inclusion in the block of epoxy to ensure achieving a tight seal.
From each block, a disk of dentin measuring 1 mm (+/-0.1 mm) in thickness was obtained using the precision machine (Buehler Isomet 1000 Ler Lakebuff IL, USA), set to 500 r/min., under constant load of 500 gr. in weight and with abundant cooling.
To create a standardized substrate on dentin for adhesion, both sides of the dentin disk were regularized using abrasive paper (Silicon Paper No. 600, SIA, Switzerland) under abundant water for 60 seconds. Furthermore, the smear layer was removed via etching using phosphoric acid 35% (Etchant Gel S 35% Coltene-Whaledent) for 15 seconds on both sides. This was followed by washing using water for double the time and drying with absorbent paper.
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Adhesive application A layer of adhesive was applied with a Multi-Brush medium (Dembur Inc. USA) on the occlusal surface of each disc, per the manufacturer's instructions. Vigorous rubbing on dentin for 20 seconds using a multi-brush followed -yet, blowing with the triple syringe was replaced with passive solvent evaporation. Finally, the adhesive was photopolymerized for 20 seconds using an Elipar lamp 2500 (3M Espe, USA).
Measurement of Hydraulic Conductance
The flow rate was determined by an experimental model implemented by Pashley et al. In the diffusion chamber set under constant pressure of a water column of 20 cm, the measurement was performed for 20 minutes, as was previously described by Bersezio et al. 14 The occlusal dentin area was measured via the computer software ImageJ, widely used in medicine (NIH, USA), with a photographic record of the disk and a known and standardized distance, with a Nikon D3100 (Nikon, Japan).
Hydraulic Conductance (CH) was calculated using the following formula:
CH =F / A•ΔP•t
Were CH corresponds to hydraulic conductance expressed in µL• cm -2 • H2O • min-1 cm-1, F corresponds to flow rate expressed in µL/ min; A is the area of occlusal dentin exposed in cm2; ΔP corresponds to the difference of hydrostatic pressure through the dentin (which corresponds to the height of the column of distilled water in these case 20 cm); and the variable t is time in minutes.
Statistical Analysis
Data were subjected to the statistical tests Shapiro-Wilk, ONE-WAY ANOVA and post hoc Tukey to compare between all groups, performed using the computer software SPSS 21.0 for Windows (SPSS, IBM, New York, USA).
Sample size
N was obtained based on previous studies in the literature. 14, 15 It was calculated with a statistical power of 0.8, considering a statistical difference between groups with an alpha of 0.05 resulTs Figure 1 visually demonstrates and compares the mean hydraulic conductance of the experimental groups with different passive evaporation times. Table 1 displays the control group when compared to the experimental groups, based on results obtained from the ANOVA and post hoc Tukey tests (ρ < 0.05). Briefly, a statistically significant difference in hydraulic conductance values was detected upon comparing the GC (control group) with each of the other experimental groups (ρ < 0.05), yet with no statistically significant difference between the experimental groups (ρ < 0.05).
dIscussIon
The results obtained from this ex vivo study relate to the influence/ effect of passive solvent evaporation on the hydraulic conductance of human dentin. Findings suggest differences between the control group (minimum evaporation time considering the application // a cavity that take 10 seconds maximum) and experimental groups. Therefore, the authors concluded to reject the null hypothesis.
In this study, a Single Bond Universal (SBU) adhesive was employed, in which its composition contains water and ethanol as solvents; other solvents commonly used in adhesive systems include acetone, the latter being the most volatile, and if not properly used, it can desiccate the dentin. The ability of the adhesive to infiltrate the collagen phase of the dentin it is attributed to the solvent. Furthermore, an effective solvent action is directly related to its proper evaporation, since high levels of solvent in the adhesive layers can inhibit the polymerization, thereby affectively modifying the mechanical properties of the adhesive layers.
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Previous studies have reported that the degree of conversion for different adhesive systems is associated with the solvent evaporation method used. 16 For example, in 2012, Borges et al. found that the degree of monomer conversion in adhesives using solvents such as water and alcohol, is influenced by the solvent evaporation method and the type of monomer present. On the other hand, the use of acetone as a solvent was not influenced by these factors. 17 Pashley et al. reported in 1998 that it is more difficult to evaporate the water when mixed with HEMA as the functional monomer, and that the residual water will interfer with polymerization of the monomers. 7 Here in, we used the Single Bond Universal adhesive which presents HEMA and MDP, with water/alcohol as the solvents; thereby the obtained results consistent with solvent evaporation time would improve the dentinal seal, given a lower hydraulic conductance value/function. Several studies have evaluated the influence of different times of passive solvent evaporation on pellets of different materials and records of teeth, where the degree of conversion, bond strength and differences depending on the type of solvent evaporation and formulation of adhesive, were measured. 11, [16] [17] [18] [19] However, to the best of knowledge, no scientific insightful studies showing how the hydraulic conductance is affected, exist. Here in, our findings demonstrate that there is a diminution of the hydraulic conductance, as the evaporation time increases. This is relevant since the clinician applying hybridization is also searching for a better dentinal seal and dentin-pulp complex protection. Therefore, passive solvent evaporation should be a clinical step that is not overlooked. In this study, a time of 50 minutes was used as a positive control as at such time, all solvent would have evaporated 18 . It is noteworthy that this study was conducted using a single layer of adhesive; as was reported earlier by Aranda et al. where the number of layers of adhesive applied will impact the resulting and measured hydraulic conductance. 20 Based on our findings herein, the importance of solvent passive evaporation would not be only limited for achieving proper polymerization of the adhesive, yet, to ensure a proper sealing of the dentinal tubules, as well. As mentioned above, this is indeed an important aspect affecting post-operative sensitivity, since it has been reported that poor infiltration of the adhesive and thus an inadequate occlusion of dentinal tubules lead to fluid movement within the dentinal tubules thereby generating sensitivity sensations; as proposed via the renowned Branstom hydrodynamic theory. Finally, despite the known and expected limitations of an ex vivo study, a passive evaporation of at least 30 seconds post-applying the adhesive, to polymerize, is recommended. This is deemed sufficient especially considering that when the delay was set for a longer delay, similar observations and outcomes still resulted. Our planned future studies will combine the solvent evaporation methods (active and passive) and further evaluate the mechanical and rheological properties alongside the degree of conversion of the adhesive systems; undeniably, exhilarating to reveal.
conclusIon
We conclude that with a passive evaporation of more than 30 seconds, an improved dentinal seal is achieved, thereby significantly reducing the hydraulic conductance values. While more studies are desirable, this protocol is suggested for clinical use.
